Abstract -This study evaluated the effect of exclusive machine milking on oxytocin (OT) and cortisol (CORT) release, and on milk yield and residual milk in Gir (group Gir), Holstein (group Hol) and crossbred animals (group GirHol). Six animals from each group were submitted to experimental milkings. As expected, milk yield was significantly higher in the Hol group than in the groups GirHol and Gir, and group GirHol produced more milk than the Gir group. In contrast, all groups exhibited significant but similar levels of OT, although OT increased more rapidly during milking for the groups Hol and GirHol than for the Gir group. In addition, CORT levels measured during and after milking were significantly influenced by the group. The Gir group showed higher levels of CORT than the groups GirHol and Hol. The lower performances of the Gir breed can not be explained by a less efficient milk ejection reflex because all cows studied released enough OT and had an effective milk ejection.
INTRODUCTION
Gir cows are well adapted to high temperature conditions, are resistant to some tropical diseases [1, 2] , and have been continuously selected for milk yield in Brazil [3, 4] . However, many farmers have used crossbred Gir (Bos indicus) and Holstein cows (Bos taurus) to improve dairy production in the Brazil [3, 4] , and this crossbreeding programme is considered to be a success and economically viable [5] . Consequently, many specialised dairy farmers have dairy cows with varying percentages of Gir blood [5] . However, Gir cows and their crossbred offspring are not well-adapted to machine milking, and thus are often replaced by Holstein cows.
Normally, machine milking provokes an oxytocin release and milk ejection via neuroendocrine reflex, but machine milking could sometimes cause stress and entail a significant reduction in milk yield [6] [7] [8] . As a result, some farmers allow crossbred cows to be suckled by their calves, because these cows produce more milk than those submitted to exclusive machine milkings [9] [10] [11] . Obviously, this mixed management increases the labour of milkers and thus many farmers wean calves at birth and submit both Gir and Gir × Holstein cows to exclusive machine milking, except for a short colostral period during suckling, as is done with dairy Bos taurus cows [7, 12, 13] . Indeed, the immediate separation of the cow and calf overlooks the fact that weaning inhibits OT and PRL release [8] , and is accompanied by a significant decrease in milk production [7, 8] . This contributes to the belief that Gir cows and their crossbred offspring can not adapt easily to machine milking.
In other countries, some Bos indicus breeds are also susceptible to lactation failure [14, 15] and retain high volumes of residual milk [15] . Disturbance of milk ejection can be attributed to a selective inhibition of OT release from the hypophysis gland as described after weaning [8, 16] ; in this case, normal milk ejection can be established after OT administration [6] . Alternatively, it can be associated with milking stress and is characterised by high CORT and noradrenalin levels [16] ; in this case, even OT administration did not restore complete milk ejection [6] . Recently, it was reported that Gir × Holstein cows exhibit a similar pattern of OT release during exclusive machine milking as during suckling/ milking management [11] , which suggests that crossbred Gir × Holstein cows could be successfully submitted to exclusive machine milking. Taking this into account, Gir cows, Gir × Holstein cows (F3) and Holstein cows were used to compare their response when submitted to exclusive machine milking by means of oxytocin (OT) and cortisol (CORT) assay, and milk yield and residual milk were recorded during early-lactation.
MATERIALS AND METHODS
The experiment was carried out at the beginning of the summer (the rainy season), using 6 Gir cows (Bos indicus; group Gir), 6 Gir × Holstein cows (1/8 Bos indicus × 7/8 Bos taurus; group GirHol) and 6 Holstein cows (Bos taurus; group Hol) from the same experimental farm. Experimental cows had similar lactation number (3.0 ± 0.4, 3.0 ± 0.3 and 2.5 ± 0.5 for Hol, GirHol and Gir cows, respectively) and lactation days (34 ± 4, 36 ± 3 and 34 ± 5 for Hol, GirHol and Gir cows, respectively), however, the three groups of cows had different production levels at the beginning of the experiment (27.1 ± 3.0, 20.2 ± 4.1 and 12.3 ± 2.5 kg for Hol, GirHol and Gir cows, respectively).
All cows had free access to water and vitamin/mineral mix (Purina Agribrands, Campinas, São Paulo, Brazil). Before each milking, each cow received corn silage and a mixture of grain (corn, extruded whole soybeans, soybean hulls and cotton seed) according to their production in their individual tie-stall [17] . This diet was assessed weekly, and when necessary, additional mixture of grain and silage were offered to provide adequate nutrients for milk production [17] . All groups had access to pasture (Panicum maximum) for 8 h daily. The quantity and quality of the available pasture was evaluated biweekly and estimated as an excess of nutrients for lactating cows [17] .
Milking
In order to avoid any influence of previous milking management on the present experiment, we used cows that had been submitted to exclusive machine milking in their previous lactations.
All cows were milked twice daily (at 6 and 18 h). Milking machine parameters were constant throughout the experiment. The cows were milked in a double 4-stall parallel milking parlour. The settings for the low line milking machine (Westfalia Elk Grove Village, Illinois, USA) were a vacuum of 45 kPa, a pulsation ratio of 70:30%, a pulsation rate of 60 cycles per min and clusters (No. 40380000202, Westfalia, Campinas, São Paulo, Brazil) and silicon liners (No. 702799330006, Westfalia, Campinas, São Paulo, Brazil) were used. These milking machine parameters are generally used in Brazil for Gir and GirHol milk cows.
Milking routine included teat cleaning and drying, and foremilk hand milking on a back cup for assuring the absence of milk flocks, as pre-stimulation practices during Effect of machine milking in Gir crossbred cows 79 approximately 1 min. Teat cups were attached thereafter and manually detached after visual observation of milk flow cessation. Machine stripping was not applied. The milking routine was constant and the same person performed all experimental milkings.
Milk yield and residual milk
Milk yield (milk obtained from machine milking) was weighed at both milkings on days 39, 40, 41, 42, 43, 44 and 45 of lactation. Ten minutes after the cluster removal, each experimental cow received 5 UI of OT (Ocitocina, Univet, São Paulo, Brazil) in the jugular vein and the residual milk was weighed (model 2090, accuracy ± 5 g, Toledo, São Paulo, Brazil) after a supplementary machine milking. Machine stripping to remove residual milk was not carried out for both normal and residual milking. The weight of residual milk was determined at morning and evening milkings on days 39, 42 and 45 of lactation. Since experimental groups had different production levels, we transformed the weight of residual milk into the percentage of total milk (milk yield + residual milk = 100% total milk).
In order to classify milk ejection within each experimental group, we used the percentage of residual milk of all animals that had incomplete milk ejection. It was then possible to identify two distinct classes of cows: impaired milk ejection -cows that presented larger values of residual milk (> 8%); and effective milk ejection -cows that presented lower values of residual milk (≤ 8%).
Blood samples and hormone analyses
A silicon catheter (model 2180, diameter 2 mm, Nutricath, Vygon, New Jersey, USA) was implanted into the jugular vein of cows 72 h before the first experimental milking on day 39. Blood samples were taken at the morning milking on days 39, 40, 41, 42, 43, 44 and 45 of lactation, both before (at -3 min; basal levels) and after beginning milking (at 1, 2, 3, 5, 7, 10, and 13 min). The samples were collected in chilled heparinised tubes and immediately centrifuged at 4°C and 3000 g for 15 min. Plasma was preserved at -20°C until analysis. Plasma concentrations of OT were measured by an enzyme immunoassay (EIA) method [18] and plasma concentrations of CORT were determined using the EIA kit (DSLab, Webster, Texas, USA). The inter-assay coefficients of variation (CV) were 6.8% and 8.6% for OT and CORT respectively, and intra-assay CV were 9.9% and 9.1% for OT and CORT, respectively. The limits of detection were 1.2 pg·mL -1 and 0.35 ng·mL -1 for OT and CORT, respectively.
Total values of OT (pg·mL -1 for 13 min) and CORT (ng·mL -1 for 13 min) released were obtained by calculating the surface under the curve from 1 to 13 min after subtracting the basal levels measured at -3 min.
Statistical analysis
The SAS software [19] was used for evaluating the results by means of analysis of variance, Student t-tests and NewmanKeuls tests. The significant probability level was set at P < 0.05, and all values presented in this work are given as the mean ± standard error of the mean.
Statistical analysis was conducted using the mixed procedure. The analysis of hormone release took into account group (as the main factor), cow identity (as a random effect nested within group), day of milking and time of sampling (as a repeated measure), and interaction between group and time of sampling. A similar model (excluding time of sampling) was used for the analyses of milk yield, residual milk and total hormone release. The relationships between milk yield, residual milk and total hormone release were evaluated by Pearson correlation coefficients within cows, and between cows within each group. 
RESULTS
Basal levels of OT were affected by group. The GirHol and Gir cows having higher levels of OT than the Hol cows (Fig. 1) . For all groups, OT levels measured during milking were significantly higher than basal levels. The total amount of OT released was not significantly influenced by group (Fig. 2) .
However, OT levels at 1 min were significantly higher (P = 0.02) for the Hol Figure 1 . Oxytocin and cortisol levels (mean ± standard error of the mean) before, during and after machine milking in Gir, Gir × Holstein and Holstein cows. Pre-stimulation was carried out before milking (from -1 at 0 min). Teatcups were attached at min 0 and detached after visual cessation of milk flow. Means with different letters differ between groups at P < 0.05. group than the other groups, although there were no differences (P = 0.29) between cow groups from 2 to 10 min. A peak of OT was observed at 2 min for the Hol and GirHol groups and at 3 min for the Gir group (Fig. 1) .
While the groups Hol and GirHol exhibited similar levels of CORT, the Gir group showed significantly higher levels of CORT when compared to the other groups. The total amount of CORT released by the Gir cows was significantly higher than that released by GirHol and Hol cows (Fig. 2) .
As expected, milk yield was significantly higher for the Hol group (25.6 ± 4.3 Kg·d -1 ), followed by the GirHol group (20.2 ± 1.7 Kg·d -1 ) and was the lowest for the Gir group (13.1 ± 1.0 Kg·d -1 ) (Fig. 2) . Although the Gir group appeared to retain a higher percentage of residual milk (12.4 ± 4.8%) compared to the GirHol and Hol groups (9.0 ± 1.0 and 8.1 ± 0.8%, respectively), there were no significant differences between groups (P = 0.16). The duration of milking was significantly shorter (P = 0.04) for the Hol group (8.2 ± 0.5 min) when compared to the groups GirHol (10.0 ± 0.5 min) and Gir (10.1 ± 0.2 min). This demonstrates that the mean milk flow differed significantly (P = 0.03) between groups (1.6 ± 0.09, 1.1 ± 0.04 and 0.6 ± 0.05 L·min -1 for Hol, GirHol and Hol groups, respectively).
Figure 2.
Total of oxytocin and cortisol released, milk yield and percentage of residual milk (mean ± standard error of the mean) measured during machine milking of Gir, Gir × Holstein and Holstein cows. The means were calculated on days 39, 42 and 45 of lactation. The weight of residual milk was calculated as percentage of total milk (milk yield + residual milk = 100% total milk). The total amount of hormone released was calculated as the surface under the curve (measured from 1 to 13 min and corrected for basal levels of each hormone at -3 min). The means with different letters differ between groups at P < 0.05.
There were significant differences in average residual milk values between cows within groups. Consequently, when we classified the cows, within each group, based on their percentage of residual milk, we classified the cows into two groups: impaired milk ejection, cows that presented higher values of residual milk (> 8%); and effective milk ejection, cows that presented lower values of residual milk (≤ 8%). It was possible to confirm the relationship between total OT release and milk yield in Hol and Hol/Gir groups (r = 0.36, P = 0.01; r = 0.27, P = 0.04, respectively), and to observe that more milk ejection was positively associated to a greater OT release (Fig. 3) . However, total CORT release was positively correlated with percentage of residual milk in the Gir group (r = 0.68, P = 0.03).
However, the number of animals classed as impaired or effective milk ejection differed in each experimental group. Only one Holstein cow was classified as impaired milk ejection and presented a higher percentage of residual milk than the other five. In contrast, five Gir cows showed larger residual milk and only one Gir cow showed low residual milk. In the GirHol group three animals presented larger residual milk and the other three lower residual milk. There were 5/6, 3/6 and 1/6 cows classified as impaired milk ejection in the groups Gir, Gir × Holstein and Holstein, respectively. Means with different letters differ within group at P < 0.05.
DISCUSSION
As described in our results, the baseline levels of OT were affected by the group of cows. The Hol group had baseline levels of OT similar to those described in previous studies [20, 21] . Gir and GirHol cows had basal levels of OT above those for Hol cows and higher than those observed in the literature [11, 20] . We have no explanation for this fact, but this higher level did not result from a conditioned release of OT because OT levels return to the same basal level at 13 min sampling and remained significantly higher than for the Hol group at this time. In contrast, all three groups showed similar basal levels of CORT, and these levels were comparable to those described by other authors [7, 20, 22] .
During machine milking, all experimental groups had a significant increase in OT levels, as previously described by other authors studying cows considered to be well-adapted to milking, but OT profiles of the Gir and GirHol groups differed from those reported by other authors in Bos taurus [20, 23] . When comparing total OT release, Hol cows showed higher values than Gir cows although this difference was not significant, it could explain in part why Gir cows took longer to milk than Hol cows since milk flow has been demonstrated to be influenced by OT release which ensures milk ejection [23, 24] .
However, morphological characteristics of the udder and teats may affect intramammary pression and milk flow [23, 24] . Although these characteristics were not measured in this study, it was observed that milk flow was high in Holstein, probably due to a lower resistance of the teat sphincter in comparison to the zebu breed which is usually milked with higher vacuum levels than Holstein cows (Negrão, personal communication). It is well known that Gir cows and their crossbred offspring have larger udder and teats when compared to Holstein cows [25, 26] , but further studies on the relationships between udder and teat characteristics and milkability in different breeds are required.
In our study, total OT release did not differ between the three groups of cows but there was a significant and positive correlation between the total amounts of OT released and milk yield. Moreover, there was a relationship within groups between total OT release and milk yield, confirming that high OT levels are necessary for complete milk ejection [27, 28] , and also that OT could act directly on mammary epithelial cells in intracellular transport and secretion as suggested by other authors [29] .
During machine milking, Hol and GirHol groups showed CORT levels comparable with those described previously [20, 21] . In contrast, the Gir group showed higher CORT levels when compared to our other experimental groups and other references, both during and after milking [20] . In our study, CORT levels increased two or three times higher than basal levels for the Gir group. In addition, the total amount of CORT released for the Gir group was consistently higher than for the GirHol and Hol group. Similar increases in CORT levels have been reported during milking in Holstein cows only when stress is imposed by milking in unfamiliar surroundings [22] .
Furthermore, the Gir group showed higher CORT levels when compared to the other experimental groups and to the literature [13, 20] . A similar kind of CORT profile has been reported following stress imposed by weaning. However, CORT levels generally return to normal values three or four days after weaning [7, 8] . This type of adaptation was not observed in the present study because CORT levels of the Gir group remained high in response to milking throughout the experiment.
The results concerning CORT response suggest that machine milking could be stressful for the Gir group and thus Gir cows could be less adapted to machine milking than Hol and GirHol groups. However, OT levels increased significantly during milking of the Gir group. Also, total OT release by group Gir and the percentage of residual milk did not differ from other experimental groups. Furthermore, within the Hol and HolGir groups, the cows that produced most milk during milking showed high levels of CORT.
Similar relationships between CORT and both milk yield and milk ejection have been observed in other studies [30, 31] . Moreover, some authors have reported that stress caused by first milkings following parturition or weaning is always accompanied by a lack of OT release and disturbed milk ejection [6] [7] [8] , which was not recorded here.
Additionally, all experimental groups produced milk at levels comparable with those described by other authors [7, 20] , and the Gir and GirHol groups did not exhibit a high percentage of residual milk as described for other zebu breeds [15] or for dairy cows submitted to different situations of stress [7, 32] or during first milkings after parturition [6, 16] . This confirms that CORT levels alone are often poor predictors of stress in lactating animals as reported by other research [33] and suggests that, if stress exists in Gir cows, it is not very acute and only concerns some animals in the group. This low stress could result from the preliminary management from multipare animals with previous experience from exclusive machine milking as described in the materials and methods section.
In conclusion, all Gir cows showed higher levels of CORT release and a longer milking time than Holstein cows. However, under our conditions they, released enough OT, exhibited effective milk ejection and showed a lower percentage of residual milk than other stressed dairy cows. So, despite the reduced number of animals which limit the range of our conclusions, we believe that the Gir breed is not poorly adapted to machine milking, especially from a stimulatory and an endocrine point of view. Furthermore, within each of the three cow groups studied, there were individual cows characterised by a better milk production, a more complete and rapid milk ejection, a lower residual milk or higher milk flow rate than the others in the same group. Consequently, this variability makes it possible to identify and select Gir cows to ameliorate the pure breed or to improve adaptation of their crossbred offspring to machine milking rather than to change this local breed, well adapted to tropical climate, by the Holstein breed. Additionally, it would be necessary to optimize the machine milking settings for the Gir breed, which could also contribute to improving the Gir breed dairy performances.
